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GDP
Gross domestic product GP Gross product GP 140 Combined gross product of 140 countries included in the study GRP Introduction A goal dedicated to clean water and sanitation was recently endorsed by the United Nations General Assembly as part of the Sustainable Development Goals (SDGs) framework for 2015-2030 that has followed the UN's Millennium Development Goals (MDGs) (UN General Assembly 2015) . Drinking water, sanitation, and hygiene form a central part of the clean water and sanitation goal (SDG 6) and are reflected especially in targets 6.1 to 6.3. They are also recognized for their role in reducing health risks as part of the good health and well-being goal (SDG 3) in targets 3.3 and 3.9.
The means by which the SDGs will be achieved are spelled out in SDG 17 in 19 different targets covering financing, technology, capacity building, trade, and systemic issues. Although these issues are all key interrelated components of the delivery mechanism, each requires a detailed assessment in order for countries to understand how the ambitious goals and targets laid out in the SDGs can be achieved over the next 15 years. As a pre-condition for assessing the financing mechanisms and sources for achieving the targets, the costs of meeting the targets need to be better understood.
Objective of This Study
This study assesses the global costs of meeting the water, sanitation, and hygiene (WASH)-related targets of SDG 6. It is intended to serve as a vital input to determining the financing needs to achieve them. Two targets are assessed: (1) achieving universal and equitable access to safe and affordable drinking water for all (target 6.1); and (2) achieving access to adequate and equitable sanitation and hygiene for all and ending open defecation (target 6.2). Thus this study presents only a partial analysis of the clean water and sanitation goal, but it can serve as a basis for cost studies of other targets.
Approach
This study estimates the costs of extending two levels of WASH services to unserved households. The proposed indicators for targets 6.1 and 6.2 aspire to "safely managed"
WASH services 1 -for water supply this means an on-plot water supply for every household and for sanitation it includes a toilet with safe management of fecal waste. As a step toward safely managed services, the costs of achieving lower-level services are also estimated because many countries still have to provide basic WASH to their populations. Basic water supply includes an improved community water source within a 30-minute round-trip; basic sanitation includes an improved toilet; and basic hygiene includes a hand-washing station with soap and water for every household. The costs of ending open defecation through simple, traditional, lower-cost latrines are also estimated. Appendix A provides further details.
Estimates of populations to be served in rural and urban areas by 2030 are based on coverage estimates of WASH services for 2015 (as the baseline year), taking into account population growth and internal migration. The majority of the world's low-and middle-income countries are included, as well as selected high-income countries that have low coverage of basic WASH services. The 140 countries included represent 85 percent of the world's population (see appendix B). Current coverage figures under these definitions and the unserved population to be reached to achieve universal coverage by 2030 appear in table 1. Coverage has been projected to the year 2015 using 2013 estimates and trends under the new definitions (see appendix A).
The costs estimated are those for capital investment, program delivery, operations, and major capital maintenance to sustain the life span of the infrastructure created. The costs include only those of extending services to the unserved in 2015, and exclude the costs of maintaining access for those already served by a given service level in 2015. For the purposes of this study, for basic WASH a mix of lower-cost technology options were selected. These included community wells for water supply, improved latrines for sanitation, and a basin with water and soap for practicing hand washing. Higher-cost options such as piped water and sewerage were included as options under safely managed services.
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The costs of meeting the WASH-related SDG targets by 2030 will depend on the pathway for scaling up services. Realistically, many households will first become open defecation-free with an unimproved toilet facility and only later upgrade to a latrine that safely isolates waste. Similarly, many households, especially in rural areas, are likely to receive an improved water supply from a community source before being upgraded to a household water supply (for example, piped supply or an on-plot well). Thus the results are presented under lower-and upper-cost scenarios, and in the baseline 50 percent of households are assumed to go straight to a higher level of service, while the remaining 50 percent pass through unimproved sanitation or basic water before a higher-level service is attained.
Cost data were obtained through an extensive search of the peer-reviewed published literature, project documents, and agency reports. For larger countries, unit costs were validated by in-country experts and adjusted where a discrepancy was found with the country experience. For countries lacking data on unit costs, cost data were extrapolated from the most similar country with cost data, adjusting for the difference in income level (using purchasing power parities as the basis for adjustment).
Because this study requires multiple input parameters, each of which has data weaknesses, the resulting estimates carry a high degree of uncertainty. Thus a range is presented on all calculated costs to reflect variations in the selected parameters. Appendix C provides a list of the variables used in the analysis, the associated levels of uncertainty of each, and indicates which variables were varied in sensitivity analysis. Further details of the costing methods are provided in a longer version of this report.
Results
The major results are presented here as three key findings. However, this relatively modest average cost as a proportion of global product hides wide variations across countries and income groups. Significantly greater capital spending is needed in Sub-Saharan Africa, where slow progress to date means capital expenditures of 0.64 percent (range: 0.29 to 1.0 percent) of the gross regional product (GRP) would be needed to close the gap, and in Southern Asia, which requires 0.21 percent (range: 0.13 to 0.29 percent) of GRP (shown in figure 2 ). Similarly, some 50 percent of the capital costs of basic water and sanitation and 58 percent of the capital costs of becoming open defecation-free (ODF) needs to be spent on extending coverage to the poorest two wealth quintiles.
Finding 2. The capital investments required to achieve the water supply, sanitation, and hygiene SDGs (targets 6.1 and 6.2) amount to about three times the current investment levels. The capital financing required to extend safely managed water supply and sanitation services to the unserved is approximately 0.39 percent of GP 140 (range: 0.26 to 0.55 percent), or a little over three times the historical financing trend of extending access to the unserved (0.12 percent globally). The total capital cost of meeting targets 6.1 and 6.2 is $114 billion per year (range: $74 to $166 billion). This total comprises the annual costs of safe water ($37.6 billion), basic sanitation ($19.5 billion), and safe fecal waste management ($49 billion), plus hygiene ($2.0 billion). It also includes an estimated 50 percent of households first having basic water and simple pit latrines before investing in the higher-level service. Figure 1 shows the ranges of these numbers. . Thus it will be important to strike the right balance between going straight to higher-level services (which might save some costs in the longer term but will have financial and technical constraints in the shorter term) and going through lower-level services first (which are more affordable and bring socioeconomic benefits).
Finding 3. Sustained universal coverage requires more than capital inflows: financial and institutional strengthening will be needed to ensure that capital investments translate into effective service delivery. Although capital costs reflect immediate financing needs and are an urgent priority, it is critical to consider the ongoing finances required to ensure the proper operation of these services because they represent a growing financial commitment over time. As the year 2030 approaches, the costs of operating the new infrastructure built will exceed the annual capital cost requirements to meet those remaining unserved (see figure 3) . In order to ensure sufficient and quality spending on operations and maintenance, institutions and regulations need to be strengthened. Tariff policies will also need to be strengthened, but affordability will remain a critical issue, especially in low-income countries and communities where even the operational costs of basic WASH can add up to more than 5 percent of the poverty income levels. If operational costs cannot be covered by tariffs, policy makers and service providers should be aware of the increasing burden on limited grant financing and (cross-) subsidies to operate the services.
Conclusions
The global costs of achieving universal basic WASH by the year 2030 are achievable under current overall sector spending. However, financing challenges remain in some regions and countries where current spending is insufficient to meet the SDG targets by 2030. In particular, resources need to be shifted to basic sanitation and hygiene in countries where the service gap is greatest. Because of the shifts in population to urban areas and the commonly higher service costs in towns and cities, urban areas account for 70 percent of the capital expenditure requirements to achieve universal access to basic WASH. However, allocations of public funds should be based not only on resource requirements, but also on the potential to achieve cost recovery from customers, which tends to be greater in urban areas (excluding slums and poor neighborhoods). 
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Note: O&M = operations and maintenance.
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Achieving a higher level of service-called here "safely managed" water and sanitation services-requires additional financing in the order of three times current spending. This value only covers extending safely managed services to the currently unserved (in 2015) . Although it will be challenging to achieve such financing volumes in many lower-income countries, the significant health, service access time, environmental, and economic benefits that result from safe drinking water and sanitation must be taken into account. Additional investments can be well worth their cost if the appropriate hardware and software are chosen.
Because of the lower coverage of WASH services among lower-income groups, a significant share of public funds should target poor and marginalized population groups. Donors should also reconsider which countries they support. Donors and public financiers alike should also rethink which subpopulations and service levels they support, which requires making tough choices between achieving basic WASH for the unserved versus bringing better services to those already with basic services. Meanwhile, national governments should provide the policy environment for equitable tariff structures that strike a balance between securing the additional financing to enable service extension and operations while enabling poorer populations to gain access to services.
The ushering in of the new development framework, the Sustainable Development Goals, has been accompanied by a major new focus on sustainability. Recent documentation and statistics have shone a light on the high levels of breakdown or nonuse of wells, latrines, and piped systems, as well as inefficiently delivered services. Thus financing mechanisms and management approaches should be designed and implemented to ensure the quality and sustainability of new infrastructure, thereby reducing costs in the long-run.
This report reveals the cost implications of adopting different service levels for both water supply and sanitation. The overall costs are shown to be higher if a household, community, or service area opts to provide lower levels of service before making greater investments to reach a higher level of service.
On the other hand, in the short term a lower service level may be the only option because of lack of investment financing. Infrastructure development should therefore be appropriately sequenced, taking into account the public financing available, the dynamics of urban growth, and the population's demand for services before engaging financiers and providers. Where possible, economies should be sought when combining the delivery of drinking water, sanitation, and hygiene services to reduce the service costs.
Understanding costs is an important part of planning and implementing services to reach universal coverage, but financing should be viewed as part of a broader strengthening of the services system that includes development of technology, private suppliers and providers, policy reform, institutional strengthening and regulation, and improved monitoring and evaluation. These measures will increase the efficiency of services, provide cost savings, raise demand for services, and stimulate the market. These aspects are largely covered under what has been called the "means of implementation," which is covered in SDG 17, but will need further definition of what components are prioritized.
Because of the many uncertainties in the underlying data and methodo logical choices, the cost estimates reported in this study should be used with caution. The ranges on costs provided should be used alongside the baseline numbers. For national policy making and resource allocation, countries are encouraged to conduct their own costing studies or investment plans based on local unit costs, and the mix of technologies and program delivery mechanisms likely to be chosen. Numbers should be provided with a geographical breakdown such as by subnational level and rural, urban, and peri-urban area. Countries should also conduct an in-depth analysis of the specific factors that influence costs such as securing bulk water, providing wastewater drainage as well as sewerage systems, and defining effective behavioral change programs to reach the hard to reach and sustain hygienic practices. Percentage of population using a basic private sanitation facility.
Data available for all countries from nationally representative surveys (JMP).
Percentage of population using safely managed sanitation services.
Data available on sewerage for most countries from a published paper (Baum, Luh, and Bartram 2013) and on fecal sludge management from on-site systems for 12 countries (Peal et al. 2014 ).
Hygiene
Percentage of population with hand-washing facilities with soap and water at home.
Data available from 42 countries from nationally representative surveys (JMP).
Source: WHO and UNICEF 2013; UN-Water 2014. Note: WASH = water, sanitation, and hygiene; JMP = Joint Monitoring Programme for Water Supply and Sanitation. a. Regarding "safely managed" drinking water, the following criteria are stated either in the target or the definition proposed by JMP and its partners: (1) improved drinking water source, (2) on the premises, (3) available when needed, (4) free of fecal and priority chemical contamination. For the purposes of this study, data on on-plot water supplies were sourced from nationally representative surveys and adjusted by the expected proportion of household connections not providing safe water. Thus criteria 1, 2, and 4 are met, whereas criterion 3 is presumed. (On criterion 2, because the question does not ask whether the water source is actually in the household or on-plot, the at-home household supply counts any household that answers that the round-trip is less than five minutes.) More detailed surveys will be needed to ascertain the extent to which these are true. On criterion 4, estimates were adjusted for water quality using results from the study by the World Health Organization (WHO) on the rapid assessment of drinking water quality and from other surveys that report on the proportion of improved water sources (by type) that do not meet WHO guideline for E. coli, fluoride, and arsenic. An assessment of cost against income of different wealth groups enables assessment of affordability, which was conducted in this study (see section "Service affordability"). However, the estimates of water supply coverage presented here did not take into account affordability. Because estimates are not based on adjustments for all criteria, the estimates used for safely managed drinking water services are therefore likely to be optimistic. Moderate uncertainty. The rate of progress will vary by country.
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Technologies used to provide services
One lower and one higher technology assumed for basic WASH and for safe sanitation, with 50 percent of the unserved population assumed to receive each one (see appendix D).
High uncertainty. Cost range estimated based on 100 percent of population using low-cost technology to 100 percent population of using high-cost technology.
Cost and economic assumptions (see appendix D for further details)
7. Costs included Capital costs, software costs, capital maintenance costs, and operating costs. These costs cover major cost categories, but exclude financing costs (interest charges) and may underestimate the costs of behavior change and of accessing and safeguarding bulk water.
Low to moderate uncertainty. Transfer costs using the U.S. dollar as the common currency, adjusting for difference in the gross domestic product (GDP) per capita at purchasing power parity values. This is the preferred method because the major components of WASH services are not imported (labor and locally made materials).
High uncertainty. Alternative method of adjustment uses differences between countries in absolute U.S. dollar values of GDP per capita.
Note: WASH = water, sanitation, and hygiene; JMP = Joint Monitoring Programme for Water Supply and Sanitation. a. Parameters that varied in sensitivity analysis appear in boldface.
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